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Abstract 



PROBLEM TO BE SOLVED: To provide a device for optical communications whose connection reliability is high by 
reducing the connection loss between packaged optical parts and which is small-sized by integrating optical parts and 
electronic parts necessary for the optical communications by constituting the device of a printed circuit board for packaging 
an IC chip where an optical device is packaged at a specified position and a multilayer printed wiring board where an 
optical waveguide is formed at a specified position. 

SOLUTION: The device for the optical communications is constituted of at least a printed board for packaging the IC chip 
possessing an area for packaging the optical device where the optical device is packaged and also a layer filled with resin 
for an optical path is formed and the multilayer printed wiring board where at least the optical waveguide is formed, so that 
an optical signal is transmitted with the optical waveguide and the optical device through the layer filled with the resin for 
the optical path. 
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[0 0 8 2 ] 

«fc LV^±R»i 7 0ll%T^2»o *£^-<7>@2^** s 1 0S*%*tK"C** mjj 

i ° ±E**»E»0«« tt 1 - 1 0 0 ft mri*g iL<, *OtSli 1~10 0^ m* s S * 



(15) 
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[0 0 8 5 ] 

* fi> ^(DW-Z & X CWIfi 5 - 1 5 // m-C&S i kfrW.t L < > ±S£3fcSil£l&A s aft13i££ 0 
. 8 5//mtvW^- K^SWfi^i^^lt -e<7?J? 2 £ <t tfteli 2 0 - 8 0 M 
'mX&2> ££#3* L^o 
[ 0 0 8 6 ] 

j&<3£ tv» 0 afcj^^&^g^lid^ , B^t5 5 #1,-c$)^^^t*^)^o 
[ 0 0 8 7 ] 

#K£i!U 9-*SJsfc-r*i 1 1 «t 19 s 3fc»£^3*)fcJ£fc£Ei-*£fc* t Wfi&rtf5&>f>-c 
±»5fc»**5 Mt*J:^:> fllxjf, 3fc#ifcfco-3fi*{aJ8!i-r* £ fc 

[0 0 8 8] 

HI - 3 Kj^f &m-fV y hElfrKK&^TIi, ICf y^iiitt^l^t^ 

iiiiitow, &&kmfflmffim$&mk<Dffl^x~$>c>x*3 x^o 

[ 0 0 8 9] 
[0 0 9 0 ] 

[0 0 9 1 ] 

*»»Bi«)Mi:, ^4:^^^L-rv^^?^^^#^A^^?>-i:^ s ^<> ftH§^-<3 



(16) 
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4 ° ° I C ^ ? > h E»«fc ^™ t»Jh#IB» «St 2> iiC 

k±k*m7 t )>y t <^ m as a l t»&i- * * «» 1- * « 

[0 0 9 4 ] 

it\ icf * 

/i°^-yk«©f|i*tt, TIB (A) - (C) 9fr$£k 

K U JUIBI* U - ^M* K J: 9 T is § , ^ * <D*#« g£ J 



(17) 
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[0 0 9 8 ] 
[0 0 9 9 ] 

[0100] 

X *7 -jvM^tf* ^®mii, Al^ 5 c £ iz X *) . ^y#&£ 

&mL%<xt>*<v$ijgzmQ-?2>z.tfrX'Z, y v ?m^**-y®mn, {%&f$tx- 

[0101] 

±ffi b'^7x;-;Hx^ z/®m tLX\t, t'^7xy-ji/Alx*'^ -> Wfli-^ if * 7 

4fc, ±iay ^M^**^vMBit UTfi, 7 x y - jvy **7 7 7lx*'+e/tl^ 
zip? uv'~j\sy#y v tm^tfir^mmfrhmiRz < t i>—m&M$ 

[0 10 2] 

^**#:>WflitOii^.fcWi:, fiiJt-Cl / 1-1/1 0 OTiiitA^JL^. 
[0 10 3] 

<r> 1 -^>->';w- 2 — ^-f-zu-f 5 jv^. 1 — >77xf ji/- 2 -jcf-;u- 4 -^f- 
WS^-jv, isitf, 4 - ^ f ^ - 2 -xf ;K ? /y-^i^ L^o 
[0104] 

7 2,^7^ = A-ft^igK ^g^Zl/V?^, 7fcMl#>>H/ , 7 A#60*;Uv-7 A-fb^-ti 
, mMZ V 7Af^)A »J <0Mt&®, -??*i/T, KD^ K MttKSv/^y-JA 

LTd J: v> 0 

[0105] 



(1S) JP 2004-4426 A 2004.1.3 



±EiMf0^figii> 0. 0 1-5. O/fm^Sf LK 

±1B«*ft:ttWIIHfcL'Ctt, «x.»^ KWJIB, 7 * y - *#HSWa* tf ± 

ffi»5fflt4«flifcL-CH, Mx.ff, #<jfh?7^Difl/V (PTFE) . 4 
x;Vy677^nfW/*l^(FEP) , 4 7^fW/;t- 7 DD7J3t 
->*E-6-» ( P F A) 3S0 7y£Wfli, *''Jxfl/>fV7^-F (PET) •, *U* 

-r* (PPE) , #yx-f^Ji'7*> (PES) > #'Ji-rM 5 K (PE I) 

x.-i-)V^-y-)V^Y^ (PEEK) > # U * I- 7 >**H8**«*»f h it 4 • £*l*l± 

(B) 1 ^^! ##H**#JftLfc**±fc, /^7*-^**t4lM*»«»i*»* 

Tia (i) - (v i) ©i8*8*itKJ: vmMmmffl&mtm 

7***7^-*^?^ai^i'ifi< t7x7-;i/Fix*^y« 
7xy-*tt*»i**t* 3r#&r ivftFt ott-fr* o - J * 'yjtm. 



(19) 
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[0 1133 
[0 114] 

[0 115] 

ft, y;u# y J:tfftfl#Jj&»&»tf;»t*4?fc < 1 1 l a^fcSffl-fbiSKtt LTHT*14s> 
Muffle? *tfc<>o*^»fe>tLio 

[0116] 

'fr*-X'«Hat)l«ti ig k 33 v> t , l3fcltftS k i i9 n □ £ Mt * i t ifix 

[0 117] 

-f£fc*>> ^^^U^ft^T^'J^ft^Srfflv^ 3&£<ffc£* 9) T 

[0118] 

±IB«fc^raMft«:lit LTf±> 7^y*->#Ii, tKU^-xjv*;!'?* **v* 

;i/7*>, **'J 7^- v>*;w7 * >\ *KV 7^ — U>t^7r-f K> *'J7i-w- 

[0 1 1 9 3 

±1ETOtto©5tt lt;±, «ie«\ Iffi?, #fli*£^ £«$:^> ^e?, mm 

[0 12 0] 

-fr* ; *, <*9>f h&<D*<< Xit&m ; *-*-r#o*-* xk^^^tj^^^^- 

±ISTJU^^-&^(i, ioif*ff|t*t4ii:#Tl, &ft* A tt&ftTftJSMfc 



(20) 
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2) o 

r q j 9 g J 

(i i i) ><-f r*-A'fflWPortiS ! &^tf«MWflB*e»s<o^pn, 



C21) 
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[0129] 

±ia&tL-oi, mm, mm, aw, v>», mmwmfhfi. ismvcMk L-a±, 
^nAf ( ^niis, ^vifym-r v u Aig<Di&-?y?f>mi& : §&mifhti&o 

[0130] 

Sfc^ ±ffiJ&'ffcffi<7>£:*:8.JKRma x M\ 0. 1-2 O^m^l Rmax^20 
vm*mz.2>tmkW£fcrfmm*>mmZ%:\f*-r<, Rmax^'O. l M m*MTlt> 

[0131] 

(i v) 7*--^inatRit^:inttllBillMO$iii:9R«#ltiAt 

So 

443, fc*#*ofcK:J: 9 #JR«MMI »*K»±, ^36, 
[0 13 2] 

£l§-£-Kf±, 0. 6-1. 2 /* L < , 9 V V7\z. X JBJ*Lfc»£"»w.|±, 

0. 1 - 1 . 0 ^ mri s M3 L^o 

4 fc, ±IBJ»IR«W*:JB^JIfc LTtf, AO*.!*, Cu, Ni, P, Pd, Co, WW 
[0 1.3 3] 

, ±IB*R*ff***C>o § y - b't UTI»*o|S:^, ±fBfeo £ U->*^ h 

[0134] 

[0135] 

(vi) ?t>K, £o § l/y^ h £5HJStU fee I Uv^ hOTi:^LTV^il«ft 
[0136] 

£43, ££KfB*Lfca^II»0^j*#ftWU 7 7 , ^7^7ST$4i«, *£&9!<a£lji# 



(22) 
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[0137] 

*f j- ib (i) - (i i i) (DJMtmm^Vr, ;M7*-JHBBP**t4ilMI 
ftH*»*«J*U Sfcfc, ±12 (i v) ©iatHWKLT, ;^7*-^lP«)i 

m%s&mmmmm%m<n%M^n z ft a -t %> <> 

[0138] 
[0139] 

C^Ifl (B) £|*ffcSI»»Jigi-- Jf Ml§tfli!*&»®£2 

[0142] 

(C) tWIi: , ;^/-l'^hi*^t4. 
[0144] 

5 0 0 - 5 0 0 OfiJtO *) 7? ';^*i^7 L Jl/«DM#'», 
y-;pSi*^->»fli#^t>ft*ISME'fk14»ilB^ £ffi7* 'J ^^y^-^OfcSfctt*^ 

2 5 t-Cl ~ 1 0 P a • s KH«E3*i-Cv»*£fc*«3i L- v '° 
J: v> 0 



(23) 
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[0 14 5] 

[0146] 

&#fl«jfcli, ->y^r;i/-#I, *T Jl/-^7'/ , )A> - 7 v" )W V 9 

ZWSli* (A) - (C) »}^7^-yS«^Ut5Ci:^-C§ 

Jo 

[0147] 

jtm%=?-&xm&®.(7>tt$L\t, rsa (a) - (c) »)frd 

(a) 41% ^oW!H4fctt^iiilc^*»*o*M*KJ:i3»#ia»*»J*-r*o 

n 0 

[0148] 

4fc, ^^<7)«#^^^?tL^^^j;a?L^f^L^m, »Jt»?L©Mfc*s 

j* )U- * - ;u t L"C t i v> 0 

[0149] 

4£, dti^O^ffiK «t iJ*«Hjta?L*S*r*»-&ttt, II?LtMLtt, 
[0150] 



(24) 
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[0151] 
[0152] 

^a^r^T? itCJ:i3, *'jSt:ia»*J:O f ^A'-*-X'<?)3&J*i:**oSJi^3KJ*i:*rai* 

zmm%>& t »#^fi£SB# j: - * - * 

[0 1 5 4] 

lizmmmt lxh, mta, mmnamm. murm&mm. mwmm, mmt&v- 

JMfcFUi: LTfi, «x.lf, JC#*->Wfl|, 7*7-*«II, *HUm B T#Ii§# 
A^ffe*L*o 4fc> V- h#fcrt»*tifc»*5H*fflv*-C'fe * <^ 

( c ) xx-wtmm * l £ -bis k £ j-sbs -r « . z z. t«t * j a?LF*i 

[0157] 



(25) 
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z<d£i% (a) ~ (c) (Dumzmzzt^x ^^m^nxmm^i^-t^zt^ 

[0 15 8] 

^fcU, _t|E (A) - (C) ^I.S^ItftSL^A'^-vl«i:, ±f£ (a) - (c) 
[0 15 9] 

JMfcftKti, M^^ffia-^^^r^tfo^s (ii^, 6 0-20 

or*IJ£) 2-e#z&U ^v^T% 1 - 1 0MP aflJ^coE^-eT'l/^i-^^t^J: *K 
y*-y3fc*fc3fe!£3IE-?*MJfl**fc £Ifi*J f^tv Tie (1) - (3) OX 

[0 16 0] 

( i ) tr, ±m^m^-ftxmmmzfm t^sa?L«t mm Lfc^ * - v&uoim 

[0161] 

±ie^-^fw^ii> ^Jx.«^, T^'f^^^^ffi, *^y->ep 
«fc ff 9 £ kifi-c £ -5. o 

[0 16 2] 
[0 16 3] 

7 y y ^flo3t^* ; ?-*M^*»«fricii, jfc^^^flJt^ftit t, 



(26) 
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[0164] 

•Ciiv^ ire, »It»jSW*#*Lrt:ftKtt, jfcRfcJSfC, flHfcJM* 
[0 16 5] 

* ft £ - jk ff ^ > n» ^ ffl ® m xrnrn t % *> m w&wl ® * l tz ft k nm-r -? x % <t 

[0 16 6] 
[0 16 7] 

£®X'j > hE**t#lRlt-*ll) CO— S&KW P->-X^g2|£i-4o 

±is3fc»ffl wn^s cos m ® -sb aeis-r * ^ t± , aw ©smmhi* 

tiff LTBf SfcoteSfcBEK LT ^ J:^ L, gE5fcf&ffl«HIB3E*»^«iti® oSrjfeOttttKS 
[0 16 8] 

^ u > xfflwus £«^k«ksi *m-r*m&tfmf h *l* • 

■9--, >f >9 s Ja.y K v-f ?DK'/<»; K ^ n -> 'J > vM?2>=gH£flJv>4 i t 
U^ovOnl/^X (Ci^^coV^X) ^§2161-4 i t*«T^4 0 
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[0169] 

i?HtIS<5±i:»!)oil/y^ F5:i)£Ltt> iftoll/^ MN2JfcSBfc«J!¥ft o 
[0170] 

±fB»JBU*#»ftff 3 t LTHU mmffitbiZK* »)iIS#®$rMtSS^i: 
fi> 0. 6~l. Z^m^iU 1 , 4fc, ^fc* flJBJfc-r****:!*, 0 

. 1-1. O/zm^I^U^ 
[0171] 

±fEm#pfto £ t LXit, «fto|i«Si L <, ^-c7>J¥S fc LT<±, 5-2 O/ztn^lf 
J: IE ft o £ K*>|&*tt, «;LW\ 7^.* 'J7lc»*^*fflv»TffAtf«t < > ± 

[0 17 2] 

W*^*^*»tffl^fc»J|li»]fi!»tra«ft ! bftV*ffl^* i btfX% 5, 
[0173] 

#*ff-5 i fcU J: »j»ffi$E*#JB«Dg«gPS:«9*fto§**^jft Lrt J:v> 0 Mfto § 
»Sr^BEi-*itUJ:«9, */u-*- > F±ft** £>"t\ ffifto |;»±fcfc W^/i 

[0174] 

HLti^^olVv^F^L^ a#fto£»4r^J5fc1-S#fefcft;l 

» Affl k ±IB/< * ^ - V 3fe« * Sit a * - * - ;u £ JBj£ L T J: v> o 
[0175] 

**ft3BJS£, *J:CT, v^f^D l^X^E&fc^TofcttfcfT^j&lSU:* < , 
l^^X^ffiig-r^Blr^^foTt 



(28) 
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[0 17 6] 

fefir L «9 , 7 -r * A ttK jftj& t fc v ;v ^- V v * h «U£tt «r)E^ L tz *J L fcfc* flMfc* 
S'fcifci'i. t »c J: v ;v$ r - l/y^ 1- Jf £ft£fi£i~&o 

i%] Uigufi^Tit ±12 (2) <0lS^LfcMffl#rai±^f^ v;u 
±15 (2) «!? xe^*^T^ ^ ❖—y*«fc*«-?-»^fflaf*i: 

[0179] 

i) ©ig) , %&mmmft&m<Dtej&*'*'( **\'>x<z>&® <±k < 2 ) «> X S> * 

"[0180] _ . 

±fflftfS*li, l**-*, ;^y^, ft, ffi, Sft»«5»JCtt^*CJ: *> ±fE»*taE& 
JMfcSWi, -^-T-JW-ft, -y^-ffl, -y>rn> 

, £4>ftK*tt> fitxe-C^H/O^t^flfr^R^ffl^y KfcLT«5*«**fc-*- 

&m?v y hE»*t*iR-5-*fc*«5HP (&m7v y hmm.®.mmmmu) 

SB$H^BlPSfo&<BJft3*fc^***^L^ ±12^83^ Kfc^ffl^-* h «r^«Lfc» 



(29) 
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[0182] 
[0 18 3] 

J (2) i&^HJSCT, Jiffi/**^- (B) <75X®fcra«»-L-C, * 

ttz, CL cr> (2) <7)X?I. -Tfcfo*^ »M»flgj(6i»»t*#iaE5t *»si-*xa»i % 1 
[0184] 

(3) 3cfc, I Cf y ^ , ^ffl36*fc«-I^i"4fll^**±. ifctt. JSM»llli«»*±«> 

5&<D %m L X is v» 3fci£&8& £ ^*^J £ ^ L X %L *) # > f Z CI t H .J: «J fi 1 $ £ t &X 
ifc, ±SE*ft«*t»^t) L iNb0 3 > L i Ta0 3 

M*tw$-?S[ffiif^^v'-v;i/ft, itmmmm (cvd) , 

[0185] 

ttHBi&M ± u * -r * <> ra * m ^ xfr ? z. t &x § a 0 

[0 18 6] 

±IBSJB14W*>J-y^>^*ffl^jfc^ffi-CJi, (i) 4 :t\ MM.? 4 )V4*m<D±KT& 
[0 18 7] 

(i v) ztTj&j&mfflmmKKj&^ * rtirt-z. t v ^ 

c o sjtstt -r * y jl y * > 7 * m ^ tz ism it , ^-smi wi4 vl & n tz y&mm *i&$uirz>z. 

[0 18 8] 

4fc, »363R*ft-Cli, (i) if, *a7^Afo±i:TSt^9y KtBlSU (i 
[0189] 

(i i i) ±IE3T»Bfcffl«HIB3ia*«o»±tc, 3T»*f5*M*HiSLfc^^-> 



(30) 
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K37*3B*t*. (i v) fttefc. ±.U^T*mi <t? KTSB*7 v K±fc±ff*7? 
[0 19 0] 

(i i) frK, 7^^ 7 •? Fi:Mffac i ^7Ml?)i^Mt5o (i i i) 3 
J:»)37*ilSt4. (iv) fti:, ±!£3 7*I^ai:T?&^7 7 K±^±g5^7 

[0191] 

±|El-v^ h»fifcS:-Ctt, (i) * 1"\ SIM 7 -i )V A So±fcT«* 7 y K*»* 
U (i i) S£Ks ^c0TfPi7 77 K±fc Vv* hfflWBgg&]««J*ife*ifLfc&* S3fcm 

[0 19 2] 

(i i i) T»^9 y K±OV^ h*»*fffl-Ki3Tffl«HIB3aflt»«Oife*L, ( 

fcJ:*K 19^7? K±K3 7S:^t4o (v) ftftK, ±15^ T£«? «fc ? 
77 K±i:±^7 7 7 K^ML, ^MttSo 

[0 19 3] 

*tz, ±K3fc*«j»Ktt, 7fc£&^&^ 7-^^-r^o 

o flsflttMKfH Zktf~C£, 4fc, fls*fl*u£S7"V > hEU****-* - *^**** 
[0 1 9 4 ] 

J:1B*ttftJM 7-*»dci"4^Fffit LTIi#^Rl5E$*L-f> tt*5fftl<SD»ia^ft*ffl^ 
[0 1 9 5 3 

i«tfra^i»it©Hi:7tiM*Wsiici±> ±ie (i) oxire, 
cD##ia**»ja«fl-K^*«»*»j*L, ±12 (2) oigiB*o*ft-c* 

[0 19 6] 



(31) 
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wft, -hi:, ±ie (2) <7>T.mtmm<vj:mzm*)M-fz-ti~£ vk *mwiittMiPi 

±<7> 
[0 19 7] 

, z.<dx 7 Kftm^&mmft&it, 3fc#«tt *mr»^ l 

[0198] 

fllxJf, ±15 (1) Jaitf (2) <DXm*&& - 1 fc* "9 , 

[0199] 

(4) L fcltOf ^fi i: V J^- VVTs fS*Mt4o 

* m k. m »tzmmm&m t mmv>wmm.& ® £ m ^ x fm~t %> z. t § & 0 
m&tfv A>y- u'Jx vmt Lx<o®.m*&tz-?£ ? cltuk 

[0 2 0 03 

(5) ^c, i c?-v 7m&m&&.kttmTz>m<vv ^y-i/^x ym^m^y-ffeflu 

XftlZt &x ^, 
[0 2 0 1 ] 

i^ftgL, 8&MMB7 -f ;wi*£5Ii9fm& d >9 , ^ffl^^MfflMPtMffli 

[0 2 0 2 ] 



(32) 
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/<7 KitSo iCf^^lStwtl^ (14) olSiEM**) 

(7) 2 iir ^StiJSCT, ±IE (5) *>I«-CJiMK Lfc*ttB HP Wfc- 




[ 0 2 0 6 ] 

(s) *c ±iB^Ba^7 h'lc+g^-r^^^iip^^^^^^^^^^V^^i 15 

itfctjtiitKJ:^ PGA (P i n Grid Array) ^BGA (Ball 
Grid Array) ^LT^-fc^o 

dd-Cfi I Cf 7 y^ffl* ; Ki:#-^7' , J > hEISlfitt ^r^foIieS t -tic I Cr 
wCfc^ 'J 7n-Kfi:*Ifl)ttS**775-f> > b3b*fc«fc D H**BfrEftiZ«KE 



C33) 
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[0 2 0 9 ] 

f5Hb P MM A , |§ 7 r|ftPMMAfW7^ 'J I 7 ? JfrffciK U -f 3 K^CQ^'J 

K«Bi ; ; UVW4x#^f->ii ; ETklHbv'j = - >*JB*<05/ 'J 

Hi tz i> <0^ ^ if h tl 2> o 

M2L<, 9 0 %VX±-?$>Z>Z ttf£ Lv^ 0 
[0210] 

[0211] 

icfy^sffii^icf'^mi, ^i^c-c, icf-;y 

«>#JBihL*fr ^iHl/Br^M * t n« 

fcfr^, I Cfy^iU I Cf';^iffli«^i^J > hM.*fc*»»r* 

[0212] 
[H&W 

mmm i > 

A. I -f^mm^^ 

A - 1 . J**?*) s>2MR<affcK 

(a) mmmmmmmmmm-7 j *^<dw^ 

-HOOD 3 0 ? W- ;vy**7 * ^-fl 2 1 5 

, TcH^-l* >*-fk^-X«a» xt>o^N- 6 7 3) 4 011^, h U T v 

7xy7^KA- 7 0 5 2) 3 0 MfPSr^^v ^ -J 3-^7-tf-h2 Oli^ 

, v )^y 2 om&m-mwLK&htommzit, *z.'<&sgkx-#**sW) 

7?i;3-y=r2> {± if *zi\LWOLm#$i 5EPT) i5ll»i2- 

7*^*-4, 5.-e^ (tFD^y>f^) ^^rZ-^fpl. 5fi^ W# 
v 1 J*2if?{, ->'J n->^M^J 0. 5E*»**iOLi#*S'#ilB*&*tt*IM&L 

f#fc;ltfci*K* v^Ii^©^)¥? 3 8 ^ m« P E T 7 ^ JVi il^M^I ? ^ 5 0 // 
mt^SJ: 9 Kn-/U3-*-*JBv>-Cjfc*Lfclfc, 80~120tfl 0 #ra9£J*3-£ 

[0213] 

(b) »8g3t«W (#llfflJ«!») OIPISI 
^7i;-*FSi**->t^- (Mfx^ttfi, fl"?* : 3 10, YL 9 8 3 U 
) 1 0 OtigK, $®fc->9># ?7*V >^#J/6 s xt-tM > ^ 3 tU^^fiS** 1 . 6^ 
m?, ft^JK^oES* f 1 5 ^ mJilT^ S i 0 , (T y *ttft, C R S 1 

10 1-CE) 1 7 OlWiJ^^V >^j(W ^W-JWS4) 1 



(34) 
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Pa • s^tsratf^t^o mmtLr. <i*rv-*wcM (ras-rfcsfc 

tt», 2E4MZ-CN) 6. 5SlM^t 0 
[0214] 

(c) y T - yS*0$&3S . , „ L 

(1) S?o. 8ram^^7^x*^->«t!tliBT (tf*vW* KhUTvV) « 
11* 2 l^WBBU 1 8//m^ilt§2 8* s ?5*- h S 

Lfc (04 (a) Ml) c if, £OiMM«K'J*«5U £ 

1K2 4 fc 2 9 t *3&JftLfc (H4 (b) 0 

[0215] . 

(2) T»»*[bIS&2 4&^JfcLfc£«2 1 U tfci*Ufcfc. NaO H (1 0 g 
/l),NaC10, (40g/i),Na 3 PO ( (6g/l) tttr****lft* 

(mil®) k-r&m<tXM> £J:tt\ NaOH (log/1) > N a B H 4 (6g/l) 
**tr**»*»7ci&fc««5GM*?rV^ 2 9*3-trT»##ll»2 4 

4 ^(*lt;, 2 9 Wis ^£^2 1 ±0*#H»*«J«Wfc*#B* 2 4 

BfcLfc (14 (c) #K) „ 
[0217] _ 

(4) ±is (3) ©«ta*»^fc36««!)^iB*- # 6 oow^nii (=.*a-fb^tt 

^T-f *0 o"?£°l 12 0*C-e3l^H, 15 0fcmW> 1 8 0tt7^M« 

ffift]Ii*^LTaHfc«Lto»19i*#*#fc (8 4 (d) Ml) 0 £*>X%KJ:»K 
Wii?EW^3 0^^®t^#IiI1^2 4 Olcffifc^-^Bt^ao 

x»f>mLT, >f5^/-;ua (i i) wioim> ^ ,J 2~f?7f; 

[ 0 7 2 0 ] 

(6) -hie (a) -Cf^JSLfcJBM»l!8*§»*ffl»JI§7^^ASr, 6*50-150 

t*-e#fiL4*«&, o. 5mp a-cisff*7U- h Lx$g.*)ttv. mmy^^^m 

2 2a*MU (12 4 (e) MO o 
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[0 2 2 1 ] 

(7) JfMWIBi&M2 2 all:, 2 mm^JWLa^JfcSftfcv;** £ 
rft-LT, ifefilO. 4 ^m<75C0 2 I'-if £*C\ t*-A#4 . OmnK f- v ~f ^ y h 

h\ sSfrxm 8 . 0 //fK "77.^ coKii^LoS 1 . Omnu 7 Ftf)Mt*iH 

WM^^ 2 2 a Cv Eg 8 0 ft m<7V"M T*-->Vffl&f □ 2 6 £ft?Jj£L*: (i5 (a) # 

[0 2 2 2 ] 

(8) *4 T*-;ufflglP2 6 Istz&fc*. 60g/l <7>&^ > # 8 0 

mm (m^^-f) *^l^ 0 

[0 2 2 3 ] 

(9) 4fcfc, ±fEM£^x.*:^&£, 4>*n}§7£ (vT'l'^ig) lcr£* LT^ibTfcft^ 
£f>U. JtaM^yS (SL-fti^S 3 // m) L/c^«<7)^S^s v A 

•rt k j: «9 . '/inwflM&M 2 2 <og® (^r^-^m^a2 6 0(*iM^^tr) km 

o 1-^^*>> ±Eit^^7V^A (PdC 1 2 ) t 

tic x y)®m*tt^Ltz 0 

[0 2 2 4] 

(1 0) >fcK, UTOM^Ildi*^ ^tJcy^^K, ^^rg:i»L> SM^Ih^S 
2 2«7>S® 7*-^fflSP 2 6 «rtSlB**tf) KffSO. 6-3. 0 ^ m<D$S® 

»«i6o§JR3 2 4r»JfcL*; (B5 (b) ! 



[0 2 2 5 ] 

NiS0 4 0. 003 mo -1/1 



0.2 0 0 mo 1/1 
5£$SJ1 0.0 3 0 mol/1 

HCHO 0. 0 5 0' mo l/l 

Na OH 0. 1 0 0 mo 1 / 1 

a> a' -\£\£Vz?A> 100 mg/1 

jK U x-J- V y 7 U 3 - ;w ( P E G ) 0 . 10 g / 1 

3 0 r<£>?£&J&T-4 0 5- 
[0 2 2 6 ] 

(id mnmm*>'3zm3 2^m^^ntc&mz^m<Dmyt i \±h'^^y^ 

51*>tt»t> -v;*^£«SL-C, 10 0mJ/cm ! ff*U 0. 8%itSt h '^A* 
?S?fc-C51ttJl!!i3S-*-* feo|l/y^h2 3 £f£tt£ (0 5 ( c ) #J80 o 

[0 2 2 7 ] 

(12) o^T\ £*£5 0r<3*^ifci£L"CJKjlBL, 2 5 T^Tfc-CTfcffe^ 3 

i*oil3 3 *^Js£Lfc (0 5 (d) #B8) o 
[0 2 2 8 ] 

WSL 2.24 mol/1 

ftlftffl 0.26 mol/1 

19.5 ml/1 

UsE^Jg 1 A/dm 2 
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mm 6 5^- 

2 2±2 V 

(1 3) 2 sit, £o# W>** h 2 3*5%KOH-ca*»*Ufc^ b 2 

tei»i*ot»3 2fcM»f!*oSSR3 3fc*^4**#Htt2 5 (^7*-)V2 7 
«r*tr) (12 6 (a) S*J») o 

n R^ir -yjcf-v>^y 3-Juy>f-^-"r* (dmdg) i:eoIt%« 
(iff/ - *tt«, M*:*^-nooi) is. o i*5 ;/ f s ^ v - »wm 

(BSHMtti, g„^:2E4MZ-CN) 1. 6 *S§|5, * Jfr tt*^ - y**2 J 

»S*:DPE6A) 1. 5Uff. ^S5'£2Si5i 
/^tt8, S-6 5) 0. 7 *»K «#> **i5*S5*f* P f 

W «tLt^^-nv (nx^s) 1 °-..£?*5i l S5i* ifc 

KJ: 2 5t^2. 0 P a • s K«tfcV*y-l^y^ h»A««:#J:. 

Bfittfctt (JOCtt«tt», DVL-BJ)J6 0m i n" (r p 

(1 6) 3 iL ^#@^2 5»t**U*««W^ ±IEV^-V-^ 
HB*»«JI3 4«*»*t*: (0 6 (b) M) o ^^"W^li*^"* 



OmJ/cm 2 W^Itl^t, DMT G 
»ffc"C5MMKfiU §iP3 l£3BJftLfco _ „^_« 0 

fu Hi:, 8 0W1IM, lOOWftH, 1 2 ^Vt n \ Y iViZl 

PEP 3 1 ^t4VJW^-Wv^ FS3 4<*>JBJ£Lfc (0 6 (c) #J») o 

(17) 3 iL V^-V>'^i3 4WUlS^^'^M2. 3X10 
" " mo 1/1) , *IWlth'J*A (2. 8X10 - 1 m o^/D > f 
Hi^tl. 6X10-'inol/l) *HrfrpH = 4. 5W*i^^^^J^ 
i:20»»Lt, SP3 l^l^^^oiSWLfco Sfcfc. 
^7>ft4*»J9A (7. 6X10- 3 mo 1/1) , «ftT>«*A (1 9X1 
0" 1 mo 1/1) ?x>®tr^A (1. 2X10 I mol/l)>« l ^i 
^-h'^A (1 7X10-'raol/D mifcm*o|»e80T:o*fl^7 
. 5#MS:*LT, i^^oil±K, 0 3 ^ mOifefco ** *£ A U£ 

^-vittu (me (d) mm_o a*, m*-ei±, -^lu&oswfcj^aa 

o £Jgtf> 2S*£-fc>-£"C&JR» 3 6 tTp-fo 
[0 2 3 4 ] 
A- 2. 
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Lfc (H7 (a) 0 41*. KU A/ffl*LU 

(HI 7 (b) o 
[0 2 3 5 ] 

(2) ^C, 1 2«r»JftLfc*«l fc^ffi^U KflkLfclfc, NaOH (1 0 g 
/DxNaCIO, (40g/l) , Na, PO, ( 6 g / 1 ) £^ti>7£yf ?££^-ft?& 

{mil®) fcl-SJSHt&S* ^J:^ NaOH (10g/D ,.NaBH t (6g/l) 
t-S-tf*i§7S*a5c»tT*3l5c»a«:ffv^ flMMf 1 2 *>£WK»fl:iE (Hbi^-f) £ 

[ 0 2 3 6 ] 

(3) ^cH, ±KA-1<JD (b) H|E«Lfc»»3E«#*mEU*:tt, TIEO^&K J: V) 

1-*^^, ^*-y*ffl^-CJra5LF«3^c»IIB^«^*t*fl^L3i^/i^ loot, 2 0^ 
(B7 (c) #hs) o 

[0 2 3 7 ] 

(4) ±|E (3) <D!SkM.>£l&Z-fcgM<D) 1 rm*, #6 OOO^HPffft (H*S<b^± 

< fc«>«5^7We*ff ofco J: 9 '5:— a<*>ffi£*3^<^#^iEK^"^'l>PM*Kff 
lflOWmM, 1 20tt3SlM, 1 5 OtflflIM, 1 8 0r-e7W© 

iDffe*!k3a*ffoT, Wffiltmttmi o*j&iftLfc (H7 (d) #M) „ 

[0 2 3 8 ] 

(5) mfcm i 2 sr^BEL^&s^si^, &mj## o £ MtSfrtt?^ t k «t *> « 

ftlHillU (17 (e) #BB) 0 

Ji 1 4-*»jfttfco 
[0 2 3 9] 

(6) *fl:JSl 2^S-»S 1 4 * : &l£LtzmtfL<Dmi*mf& U*-*-A'©?> Kff** 

^«fc3S*iS1-Cl fcK J: 'ij, ^^WaiK:#JK^5«*tJB 1 0 ri^fitS *U *»o % -. ^■^±fflJtc* 
*olfii6^?ii^A'-*-^6i, aMfcEtt (la^-frT) k*B&Ltz (HI 7 

(f) 0 
[0 2 4 0 ] 

«f LT, 10 0mJ/cm ! tI*U 0. 8 %#BH-> 'J t> A 2fc»«-C»««s3ffi1" 4 
[0 2 4 1 ] 

(7) ^n, gi«oM-|BO##H»^*»^i**->#re*»*3W*Jfe*1'*ifc^.J: 
»J«*jiR!* (H**-f) *»JfiLfco 

(8) SfcK, &&<7?*£:g&K^-*;fJ0XK«fc «5^ii?L9 *JBftU ft^&^ffAffl&lR 
k Lfc (07 (g) #«0 0 

[0 2 4 2 ] 
A- 3. ICf ^/igfflif^g 
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r ( " it£V^ 38 * i 0%*** 3 9 * , 3 8 a * X Xf**& 3 9 a #**t**l± 

^:^*^-3 8 tri±, I nGaA s ri^ft* 4©*^', SfcfcSH 1 3 9 t LTU 

^_. >W |j|^li3 6^7^*->fr/^:^m/: (08 (b 

, *»ffl«B*WI4 lfcLfc (B8 ( c ) mm o *^*»**ia q*-r» 

fo 2 ir ] j-^-y-ir-v*^^^ (15) ©^BSUv^-v^Hl 

4 «*SSli (^9 (a) MO o ft*, * 10*BKIiV 

-C. Pi * - * #«H « itfcff S 5 ^1*^1*** J »*Z amilt 

WL®<om$ 4 0 0 OraJ/cm 2 *>#*1.*T**U DMTG^a 

sowrnm, loortiM, howhh, 11°^ J 3 

SP5lWiV^-^>S544iiU (H9 (b) M0 .*oT, .-*> 



1 mol/n *3E'J>«-f 1- '^A (2. 8X10" 1 mo 1/1) , b 

2 0^Ka»tT, HPS KO-»KW?5/.m©-v^»o8i5 5 fcfefcLfc. 3 

^O^fTWb^'J^ (7. 6X 1 0- mo Vn?I , 7? 

A (l 9X10-'mol/l), *i>BH-HJ*A (1. 2X10 mol/ 

<?)*£! V^-W^h»5 4H»*LfcBP5 1, **** 

3 4 ©*-T 4 H P 3 1 K W - * h (Sn/Ag-96. 5/ . 5 ) * fl J t , 2 5 

iiW/7-5 8t»U ICf^^SM^ (09 (c) M0 o 
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[0 2 4 9 ] 

B. ^s^u y HSWffl 

(b) mn%9M (®m&f&m <vm%k 
-a- i(7) (b) -em^ttmt ra#w*tt*fflv>r»jii3E«*f*p»Lfc 0 

[0 2 5 0 ] 

-(c). ^iyr/hE«*^fiji 

(1) J5?0. 6mm«i'7^x^yffii fcliB TWffi^fc fc**fi*1&&« 1 0 1 O 
lUBBfc 1 8 /i m<7)i^|g8/i s v 5 f> 3*iT^4fiKfM**tJil&#* ! l-£ Lfc (HI 1 0 ( 
a) #SS) o 4-f, £0«fIM** KV *S0?LU Usm^feo £tol£ifc L, 
^;x 7 f >7t?.it[:J: *) , £4K 1 0 1 <7>mWKM-fc®& 104^^-*-JH0 
9 t Srjgjft L/c (BIO ( b ) #.«£) o 

[0 2 5 1 ] 

(2) J*JW-*-JH 0 9 bm#-M& 1 0 4 L£^&£7M5fc^U f£**Lfclfc> 
[0 2 5 2 ] 

(3) ±ib (b) ^tm^tzmm^u^muLtz^ ruo-xm^* «?p^2 4**m 

&F*ik:> **-*-jh 0 9^l£<l:Wl 0 l ±o*t#@B#BjftS8fc*'ftiaSfr l 0 4 

KWI§3fc*$- 1 10' <7>g£3£jftLfco 
■T4fc^, f 1% ^*-y*fflv>T^A'-*-A'|*HC#IB3E**t*#L&A/«*, 100 

*t*3fc«U 100t, 2 0^ftT^?«iH:J:^illl^l 1 0' coJl£ 
BfifcLfc (HI 0 (c) #hs> o 
[0 2 5 3 ] 

(4) Jzffi (3) <7)«kJl£iisSvi*:&«0)f®£, #6 0 o^^Mi« ( = *a-fk^*fc 
K$@Cfl^ l l 0' # ? £§ <b * v> J: 3 fcfiff 0 1 . 3fcv*-C, ±ie^;w 

%L^Tz, 1 0 Ott 1M, 1 2 or-eSI^H, 1 5 0tT*ll§H, 1 8 0 X T 7 B#M<7) 
iBfft»a4:ffo"C»JI^*W» 1 1 0 *3BjSLfco 
[0 2 5 4 ] 

^i^cu, ^;u-*-;n o 9 ^mfcmmm&u^Wi&z fitzmmTtmu 1 1 o 

itffcttHttl 0 4^^B?r^JE'ftLs »ja3E#*t 1 1 0fc##B*'l 0 4 <7) 

1 1 0 t7i 5 fflftffi?:^Lt^@i:f-f Lfc*fi*tt*««:»rt: (Hi 0 (d) #hb) 0 Z<r> 

>9> 1 1 0 <7)gffi£ig#lE]g& 1 0 4 <Dmmk&M—¥Wk%2>o 

[0 2 5 5 ] 

(5) ±SE2£**J!lcifc, SttlLtf, V7Fi7f^U 
&R<7>WWKX7lsJ -CSfctftttT, «#HI8& 1 0 4 1 0 9 <7)7> 
K^BSfc ^T^> i «t 19 , z»#:iaa 1 0 4.0^35®^^® (0^-£-f) * 

[0 2 5 6 ] 

(6) ^cH, ±12 (a) -cflsJSLfc*** $^Ufc§*©*H»IBi»»*ffi»JIS7'r JWA 
*£*±£ftfau JE27 0. 4 MP a. 8 or, Ef^Ml 0 #<B*#TMRJE* LT 
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ty*m#fliffiiMn o 2t**Lfc (Hi o (e) #«) 0 -rsr^*,, »M»iiie»iffl 

$81 7 -f *A***±K, 5 P a, 0. 4 M P a , l£«8 0, »H6 0^ 

[0257] _ 

(7) JfMWfll^^l 0 2±tc, 2mra?)ia?L*M3 4i.fc77^5: 
^Lt, til 0. 4^ra^CO, ^V-fUT, tf-Af4. 0mm, h^/^h 
Jt — K /tA/7(B8. 0 fi®, A ? <VW.miV>@: I . 0mm, lVa^^-CSM 

mmmkm 1021:, ags o^m^M 7*-/wflHPi 0 6*«*Lfc (n 1 (a 

[ 0 2 5 8 ] 

(8) *4 7*-*flIHP 1 0 6 *#JSL 6 0 g/ 1 Oft^ 8 
itCJiD, gMtfflBftMl 0 2<r>$m (jUTK-frmUn 1 0 6 <m*imw*^tr) 

KMm&itfmx**: (H^*-f) « -r&fc*>, jtBafc**^^*^** (Pdc 1 , 

) t&tm-xX (SnC 1, ) fc**trtt*Mfc*fc**L, /^v^A^^ffl?* 

(1 0) 6 iL «*IS*»»*oS U IMWWIl 0 2*>*iH ( 
7* - ^ffl B P 1 0 6 Ortilii**tr) &cJ¥£0. 6-3. O^raOtRlSfflftol 
811 1 2*BlftLfc (HI 1 (b) #KQ o 

gi^ (io) ©igfcmak-cfcSo 

[0 2 6 1 ] 

(id tmcSMi i 2*»j«Lfcafe«**ftL., m»*o # £ifcu us 

I^olHl 12±tftC m»«*o*IRl 13SrMU (Hi 1 (c) #M) • 

(12) ^xfiti^^-e^^o 

[ 0 2 6 2 ] 

(12) WffBftoIRl i 3*^Jfti5itfc*«^Tt[E^«3l&1ftK9>r7'f ;WAS: 
5S«9#»t> ^^*«1LT, 100mJ/cm ! -CfcftUO. 8 HJ * A* 
StitL-cmMtiM-i-ZZ-kK.* *)> i*;f>^>^ M03 *fe&Ltz (Hi 1 (d) # 

HO o 

[ 0 2 6 3 ] 

(13) x ? f>^i/v^ h^jaffljTowsfHftoijRt^mwfto ^mt*. 

^1113 fc*^4*##ISKl 0 5 (/^7*-JH 0 7*-Srtr) Mtf: (HI 2 
(a) #M) o 

0 7^^-tf) SfflUfiftB (18**1*) *B«bfco 
[ 0 2 6 4 ] 

(14) ^cic, JVnMilfilRJIl 0 2 WDBrSS^fcll^ JslTW*S*ffl^C3fci6SR 
5 9-119 (119a, 119b) *«-r43fe*«Kl 18 (118a, 118b) * 
j&SLrt: (Hi 2 (b) #hb) o 
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-T£;b^> ^ff)-«C^VI9 0 o Wt*>KV-tfflv>t4 5' 7fc£&^ 

157-119 *f*LWtPMMAH447^ ($12 5^m, 

H?25^m) * Wife 5 7 - ^f«ffl<7)«(7)ffliS 1 1 Mil^I^lffi t 

[0 2 6 5 ] 

(15) -rtyfr-i/fctfOffcR© (15) ^Igt 1^*: LTV JU^- l/v^ hfi 

i^L, 7 o tT2 ot>m, 7 o t-c3 o jfrMofcffr-cfawasS^fTV*, y^-m 

jfiBE«<^» 1 1 4' *3£j£Lfc (HI 2 (c) #fiB) 0 
[ 0 2 6 6 ] 

(16) ^-c% &«4>tf-®fc, ¥m^>7fmmfflu a 

<7)H □) £3ltf&/flHPfc<0r?*->j&<ifcHS:ft.fcJ¥3 5mm©7* h"V^^ £ VA*?- V 
V* h m HtlOOOmJ/cm 1 <^*nj»-C*3fc U D M T G tttt-?9Hftj&9 

«rjfcT £ £ «fc 19 gg p £Bfifc 1 o 

fit, 8 OTCCll^H, 1 OOrtlCT, 1 2 Ot-ClJfM, 1 5 0tt"3 

Ml 14 Sr^LTto 
[0 2 6 7 ] 

(17) 3fcKfflHPi 1 irtfc, icf^y^sss^g*) (4) oietx 

m-r^k\,zxv)5mmmn 1 1 1 f^k, 3fcg&ffl«flB® 1 o 8 ^iil^o **s, tmmm 
mm i o 8 \±, ^(om^^^i . e o x-$> *) , ^ogM^s 5 %-c&£ 0 

ICf ?ymffli«©f^8« (6) ol8iWI#»:L"C, -77-;Kt>olIi:i 
[0 2 6 8 ] 

(1 8) ^K, v^-l/-^Hi 1 4 CMi^:*ffl^>yiiSflp|:iiiffl^-^ 
h£EWJU 2 0 0 fey 7D-ncti:J: «5^ffl^>7 r »BRfflHPIc^ffl^>7' (B 

**r) ^nu &m?v y hmm&k (mi 2 u) #jhq o 

[0 2 6 9 ] 

C . I C ^3feii#ffl t^M * o»it 

5E^feS^*f-f«iseg?-fr, 200 ttU7n-nii: k «t vj w3fc#s>w*> ?m±z 

[0 2 7 0 ] 

*ansffl 7*^-f ^ t l^c (hii#hb) o 

[0 2 7 1 ] 

mmm 2 ) 
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[0 2 7 2 ] 

(H^^J 3 ) 

TJffi*f!*# 1.50 ©If Jh«IB»*«J« U, ICf? 7^JB2£«<0#ttfl3«ll3S*MI 

[0 2 7 3] 

(^=Jtfi#!) 4 ) 

-CJffl*r*** 1 . 5 0 ©£fih«BUB*3&fi£U I C"f-y^*l6flia6*03fc»ffl»reXiWlt 
£JB"/U > hE»fc*!>*»ffl#Mfc MniC*l/7-f ^#||*-frtr#liJlftJ*»* 

[0 2 7 4 ] 

(§feit5f?!l 5 ) 

&Jfc*ll © I C-f-f X*gfflg«cDf£g£© (4) ©xe*ffofcflt, *ttffl»IB3E4MI<^ 
tfjfcflMgJB t^lRl-rsffiB Affile, Tfa^&SrJE^-CW *nv>X£EKLfclsWU±, 
1 tTOCLTMfif'/^ ^SrftitUfc (H2#BR) » 

Mj£Lfc^-f ^nl/^Xii, fo2aW J 9 2%f, *<E>JE3fsfE* s 1 . 6 2t*l>o 
[0 2 7 5 ] 
(H&tffl 6 ) 

^mm2 iz&^x, &tkmi<Di crv7?&2£m&R<nft3k<r> (4) co xii t wn*«> XH 

Sj£Lfc^W *n^>X»i> *.-$>2»$Sj&« 9 2 *oJB#r^a s l. 6 2t*So 

[0 2 7 6 ] 

mmm i > 

coffin, TIE^^^^T^ * n ^>X*EI£L^J^^{i> ^*W3fcl^# 

[0 2 7 7 ] 

(**6fll 8 ) 

Hfc^T, l co I Cfy y*£/B2£«Of1*$> (4) <7)XUt TOooXfl 
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fiL^^ *nl/>X»±, ^<7)Sji^ 5 9 2 -t^JS*?^* 1 1 . 6 2T&& 0 

[0 2 7 8 ] 

A. ICf y^8lS*^8 
- A - l . /"f y *r - ^JfeSofM* 

■%fam\<DA- \<D (a) (b) fc'maur LT=fTo/c 0 

[0 2 7 9 ] 

(b) /^y-Jr-vS«<^Sjt 

(1) JS30. 8mm©#57isK#i/»l|tfcliBT (f^W5 Kh'J7v>) « 

WtaiMfti: Lfc (HI 3 (a) #«0 „ 4-f % K 'J ^8J?L U 

te®m2 4 kX)V-*-)V2 9 fc*»jaLfc (H 1 3 (b) #J80 o 
[0 2 8 0 ] 

(2) Tmmfcm&2 4 £Bj£L*:&4R2 1 fcjjcftv* U $£i*Lfclfc, NaOH (lOg 
/I) , NaCIO, (40g/l) , Na 3 P0 4 ( 6 g / 1 ) UttS 

($Ht?§) fcTsmfc&JS, £.£0*, NaOH (10g/l) , N a B H 4 (6g/l) 

-f) *3BJ*Lfco 
[0 2 8 1 ] 

(3) ±.15 (a) fcBB*LfcWfi&4*#*ll*L*:*, TSEO^teH J: «9 Slfi^t 2 
4B#HJartfc, ^;i/-*-;V2 9 1*1 J: 2 1 ±<^ig#II]g&»JjfcSI$£: TEmfcMm 
2 4fi0^fBtl^Ji3c^3 0' ©Ji*SflfcLfc« 

5tigU 100t, 2 OfrV&ft-ettmmt&ZkKJ: <9l»fli3E»#3 0' 
(HI 3(c) 0 
[0 2 8 2 ] 

(4) ±ie (3) <r>*&m*1&x.tz%M<n) i rm*, # 6 oo^Mli (=*S-fb^tt 

^^•C, lOCC-Cl^M, 12 0t;-C3B#H> 1 5 OttlltH, 1 8 0 *C T 7 WHO 

ira*»a*ff-3T»jB^*#* 3 o Sr^t/to 

[ 0 2 8 3 ] 

*tf##iai&2 4 ^SM^TO'fkL, mmTc^um 3 0 t^#®i^2 4 <ommt 
^fts*^LT&BK^*Lfc^i4&«£#fc (mi 3 (d) mm) 0 zonm^x 

*K WI^Mf 3 0©iI^#IS2 4<7)^®i:^-¥®t^^o 
[0 2 8 4 ] 

(5) ±faafrK**i5fe, BMSKJBLfcft, V7fx^f^u #:v>-e, xyf>^ 
&«OWIifc.X7*W-ei!fc£tttf'C\ ig#[eI8&2 40|ffli:7^-*-^2 9C7> Kg 
BBfc&Jc^f-v^-riitKJ:*), ag#IIJS& 2 4 0^:^15 icffi-fb® (H^-tfT') ^ML- 
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[0 2 8 5 ] 

(6) ±ie (a) x-{^Ltzmmmm^mmmmy <r ases o~ i 5 o 

tlt^l^^'t,, 0. 5MP a-eK2£JE»7S*- h LT|fi>)ftft, ffiffi7<{ )\sJ±m 
22 a Zfc&Lfz (Ml 3 ( e ) fej&) o 
[0 2 8 6 ] 

(7 ) >fcK> JVAI 2 2 «±K, J?? 1 . 2 mm<75Sii?L^fi£? fiti^X? * 

til 0. 4/»mOC0, ^U-fUt, lf-Af 4. Omm, 
K, /"?;W7jl8 . 0 v*^ coSia?Lco# 1 . Omm, 1 y 

7W 2 2«i:, Eg 8 0 // mOA-f 7*-JVffiHP2 6 £jfcj£Lfc (Hi 4 (a) 

[0 2 8 7 ] 

(8) ><-f 7#-JWBHP2 6«:5&SLrt:3feSS:, 6 0 g / 1 > if 8 0 

1 Ofl-MfcttU IM^i^I 2 2 OlIMt4i*'#y#lli?^i 
JffUfc*-*-* i UJ: *) > T*-JUMHP 2 6 <^l*FSia*-g'tf»MWfli#fi»» 2 2 <?5^ 
ffiKffl-ft® £^J&L7to 

[ 0 2 8 8 ] 

ci t c j: 19 , mmmffimmm 2 2 cog® (^t*-;hiid2 6<Dftmw*'&tt) km 

(SnClj ) fc* tr KftiltU ^7 v u &&m*$r& S £ t K 
«fc tf-^Lfco 
[0 2 8 9 ] 

(10) JfcK, ^ifc« 1 O^y-jr--^3£«Of^»<0 (10) ©Ig"Cffl^fcj|Slf»*o^ 

*M«IS#fi*»2 2<^gffi (^7*-^IBHP2 6WWlffiS:*tr) KffSO. 6-3 
. 0^mOHRmffKR«>o»JR (SJBUKttff) 3 2*#JfcLfc (H 1 4 (b) #HS) a 
[0 2 9 0 ] 

(11) ifcn, *«»fl|ae>o*gt3 2*^J*«*Lfc*«KTtjR«>«*ttK9W7«f JUA* 
5ft»)tt»t, V7^^®ILT, 100mJ/cm ! tf*L, 0. 8%^t*thV9A* 
MflttltJ ifcKiU, *o § Vv^ > 2 3 SrKttfc (H 1 4 (c ) feflft) 0 

[0 2 9 1 ] 

(12) ov>T% 3£«*5 CCO^-C^tTJBiliL, 2 5^*^*^ 3 KM 

fto £ I'v^ h 2 3#J£jtfc$BlC, m^^*o§IK3 3 ZJ&i&Lfz (Hi 4 (d) feJSO 0 
[0 2 9 2 ] 

(13) Ht, 6ol Vy^ h 2 3 Sr 5 % K 0 H-?MMm£ Ltz&i, Wo| W 7, 
h 2 3 TOil)S*o t IS^fi: ©l^fxy f > L TiSl^i 
U 3WWa»2 5 (^M7*-^2 7m) fcLfc (B15 ( a ) feflR) o 

[0 2 9 3 ] 

(1 4) ^cic, mfc®B2 5fHMUS«i^^$}:gSU *#@»2 5 ( 
[ 0 2 9 4 ] 

(15) iefcK, %HLm\0>rty*-*J&R<Oft2i<D (15) OlSfclSlfllKLTVA'/- 

(16) ag#IIl£&2 5f^fMLtl«(?)ISi:, _LfevJt^-Pv* h«aj£««: 
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i]£M3 4 atJ&i&Ltc (HI 5 (b) #JR0 0 Pi UU<r>^9 - >#fflrli ? 

ftfcJ?? 5mm<?)7* fcv/u^- hMt)?)i3 4 <x ic^* ? -£T 1 0 0 

OmJ/cm 2 co^n^T'^^L, DMT G mmx^&Wm L, ii □ 3 l^rff^L^o 
^-LT, ££>K, 80ttmffl, 1 OOttlPIW, 1 2 0ttM^H, 150tt3 

HP 3 1 ^ttSVJV/- M34 Lfc (HI 1 5 (c ) 0 

[0 2 9 5 ] 

(17) ^t, v^-Uv^ h®3 4 £J£fig;L*:^&£, ia-fk-y^-^ (2. 3X10 
" mol/1), h'J A ( 2. 8X10" 'mo 1/1), 

HU^A (1. 6X10" 'mo 1/1) pH = 4. 5 O&mfi?- y v" ;w#> o £ ffc 

C 2 0 55-WSSLT, ISP 3 1 S&K- * ^*«o §® £Ss£ Lfco SkK, 
£v7>-ft## 'J^A (7. 6X10" mol/1) < &>ftT > * A ( 1 . 9X1 
0" 1 mo 1/1) s * J^yMi- A (1. 2X10" 1 mo 1/1) , 2cM ') > m 
th'J^A (l. 7X10" 1 mol/1) o §?i£K 8 0tO*#T7 

(HI 5 (d) #J8U o H + T-Ji, :=.y4r;ne>oiSi3J:U r &«!>o§*«>2»*-&-fc 

-£T£JiJS 3 6 bB-fo 
[0 2 9 6] 

(1) JP3 0. 8mm?)#7^x*^yfi^liBT Kh'Jr;>) » 

fl|7&*S>>5:4jpft»1&2fe«l O-HrBK 1 8 ^m<7)^§8rt s 9 5 *- h 3 ftTV>*Jf 1fiS!3ftSt* 
«*a»*J"»i:Lfc (Hi 6 (a) #BD o - ©tfliSSMMMROfflSS 8 - 

>ttKxyf>miiCJ: «K at«oM-lB*-*#0tt4 SrB&Lrt: (HI 1 6 (b) # 

m o 

[0 2 9 7] 

Srife^-rsitm: >9»»ad» (H^-tr) *^j£Lfc« 

(3) a^Rotf^^^-^iPXU J:«3 Jt«?L9 <r»Ji£L, Jfc^Jf^fPAffllt* 

t Lfc (HI 6 (c) #HS) „ 
[0 2 9 8 ] 

(1) ^5U- httKxzmm-ri'Xift^* ±ia a wsll*:^v- 

£^LTlfc»>^;b-£ (HI 1 7 (a) #)&) o T&to*>, M#^>ffim^^^: £ 
[0 2 9 9 ] 

(2) ***^»Affl36*»c#J*Lrt:Jt»3L9 J: "5itbLfcA7^-yi«0|I 
£3fcfg^3 8 J3 <}: tf|&5fc^ 3 9*, $3fc^3 8 a *3 «fc 3 9 a tf**l<?fl± 

536*^-3 8 £ LTli, InGaAs^&iidOiiBK ^3fc^3 9 t LT f± 
, InGaAs P^P>** fcOfcfflmfco £:fclf ^ 3 8 £ <£ ^3&3fc#^ 3 9tLT 

14, m*»«ffi'<y K* 5 > $7fc?H5 3 8 a is «t trft^fcff 3 9ai *)^y^-v»«fflK:8E»t 

[0 3 0 0] 

(3) j&3fc^3 8 is J: cntofeX^- 3 90l^lfflA'y KtSi§?L9 <fc *9 Jt/±J L 

tz^y -j&%L<D%m<n&mm 3 6 1 zvjvtfyrsf «t vm&Ltz (Hi 7 ( 

b) 0 7^t4 0 t LTJi, A u %k<D 7 -f ^ Wc a 

[ 0 3 0 1 ] 

(4) ^k, 3fe^^Affl*«^f^L7t*a?L9 x-#*^mn*$trfflmM]& 
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, ftE&EWfllSfcHS 4iat (817 (c) #B8) o 
[0 3 0 2 ] 

(5) 4fcK, FU ^flPXKJ: *K if Afflit i a' ^ - it sit ^ li 
4 0 0 // m<?5Sii?L4 6 SrJBlft Lfc (018 (a) 0 3 fcfc, 60g/I coii^y 
*">»Sr*tf 8 Or^MK 1 0 £ <h K «fc *) > K»?L4 6 coltlS 7*7* 5. t 

[0 3 0 3 ] 

(6) ^K, ±fE*a*»x.fc36**^ (v^WftHO C**LTi^*ft^ 

1* ) c 
[0 3 0 4 ] 

(7) ftttffMR&o MtaSL, Rii?L4 6 c7)Hffi£^-tf7fc^3l 
?-4fAffl3£«4JJ:O f /'«y^-va6*«7>atai®K:JP$ 0. 6-3. 0 fimQiIilA? % 

k mwm^m) 5 2*»jal*: (mis (b) #jso 0 

mum**-? %%Lt lt»j, ^^-'>'S«Mts^ (1 0) oxe-efflv»fc 

[0 3 0 5 ] 

(8) iI^«o§l5 2**^JSfc3itLfe3£«tieflE^5fcttK9-f 7 4 ^A£3I 
^)#tt, -7^^^®tL-C, 10 0mJ/cm ! tljfcU 0. 8 %8m-r Y V V AtJcy§ 

H«t *3> feci h 4 3 *&»tfc (HIl 8 (c) #H8) 0 

[0 3 0 6 ] 

(9) o^t\ £«*5 0 r^7jc-ej5fe?tbTMIiL, 2 5 r^TK-CTK^^ S^Kfrcg^ 
j5fe»LT^5>m/Bie)o § SrifiU £>o § VVTs Y 4 3*^JKSBtw, m^il^o §115 3 * 
EMftLfc (HI 9 (a) #B3) 0 

m^*o LTIi, ^y^- R*?> (1 2) ©Ig-pffl^fcil 

[0 3 0 7 ] 

(10) £ a6o § U->*^ h 4 3 £ 5 % K 0 H "CSIftlfc* t -t<7>i£>o § U->'* 

(b) #BB) o 
[0 3 0 8 ] 

(1 1) 9 £f£jjJc Lfc3KR*Jc.yf->^» v -7t±m^ * y * J. 

yf-aKfK) Kft*U ^-*-*4 9lB ( 7 > KSBfr^S® *-&tr) fcfltfbffi (H 

±m^y^r-^^(D^m<r> (a) «E«Lfc»ffl^**ti: RI«IO»ffittJa**il 

0 tCJ: »)1»IS^«*J-^«*BJ«Lfco 

[0 3 0 9 ] 

ss>u, # 6 o oo^^ hmm& (~&mitm±Mi) zm^tz^ou b*ryy-mmK£ n 
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w, i 2 or-e3^ffl, 1 5 or-ci»*M, 1 8 or-c7i$ffi?>#n«3!£iTo-c, 

xfr-*-A,frb<0%&miW&*&te%9M*S 0 *»*bfc (131 9 (c) #«) o 
[0310] 

(1 2) ±1£y<y^-ya6*<75f^»0 (1 5) OX^I-ep^L/cV;W^-bv^ h 

-020 (a) o 4*, iut, «HHftiS»4 1 ©SiBfcliV A'^-l'-y* MB** 

SM54ai:^fHT 1 0 0 0mJ/cm 2 OiS£*Wrc*3fcU DMTGiI"Cl 

^l-Cs 8 cc-c.iwpm^ loor■el^w^ nortmw, 150W3 

HP 5 1 Wt4 V^r- M 5 4 Lfc (H2 0 (b) #«*) 0 

[0311]' 

(13) VJl/f-l/-^ M5 4 MLfcltS:, flUk- y.-jr (2. 3X10 

mol/1) >.^3EV h 1 J^A(2. 8X10" 1 mo 1/1) , ^ x >*t 

h'J^A (1. 6X10" mo 1/1) £#tfpH = 4. 5 0il»-?^/Ht)oJ$ 
K 2 O^M^SLT, ID 5 1 <D-g|Ucj?£ 5 (j. m<D-v *JMb<a 1155 t»*Lfco 
S <bK> -e^if^/T^^* 'J^A (7. 6 X 1 0" 3 mo 1 / 1 ) > t£-fkT>*- 
?A ( 1 . 9X10" 1 mo 1/1), h'J^A (1. 2X10-'mol/ 

1 ) „ ^3E»; h'HA (1. 7X10" 1 mo 1/1) £-£tr&*»£*o Siftfc 

8 0 , Cc7>^#T"7. 5M^ittt, i-^^dfllC, Jl?0. 0 3^^*0 
115 6 fcBfifcLfco 

[0312] 

(1 4) JfcK, V^-Vv^ H54 Cjf&fifcLfcHQ5 1 K^ffl^-* h (S n/A g 
= 9 6. 5/3. 5)--*fll«U, 2 5 0 t;f , J7n-t4iii:i*) ICf 7^1* 
7 t#17'J > hK**S&RJB*ffl'<>7'5 8 fc*#J*U I Cf ?y«6ffi 
(0 2 0 (c) #J8D o 

[0 3 13] 

B . #f7'J>f Elft«<7>f&K 
[0 3 14] 

C. I Ct7 ?'*iS#Mfliy'><>f *<9Mi£ 

coffiS^*Mq!iBa?-fr, 2 0 0 tJ-C'J 7n-tSiH: J: «3 W&«<x)%ffl^ >- -7m±*& 
[0315] 

*mi3ffit3Z'frLxm!sii.tz&m7 i ) > >E*#fc i c*-? 7*£ffli£#fcomfc 

Jfifcfcfliufco Sfc, BritL^»±1»fli»»i. M**«8 5%-C*«J, JDWrSWl. 6 0 

[0316] 

(*M^J 10) 
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1*1-1 tmmmm%mm t 

S o 

[0317] 

i^i^i; LT&e>*ifc*ifrWI 1 - 1 0O I C**36a#ffl7'^'f *Hov»T, 

fctfcfiJLfci:;!^ SrSO^-^-^aJi-iifc^-Ci, **fcfll 1 - 1 0-CftaILfc I c 
[0 3 18] 

[0 3 19] 
[0 3 2 0] 

[0 3 2 1 ] 

3&«R&$3*t*£ ti'ftv»fcft, SfcifrRfflr^M" LfoDflMittKJ: >9l^*i£-t t%2> 
[0 3 2 2 ] 

eSi { Bt?ft4ii: <&4v»3fc«#JB^<4 ^iff^M"*"* C H s t^o 
[0 3 2 3 ] 

J: »K fcfcftfcSfcMJBT^-f ^Ucj3V>Tli, g*$fiLW]l/i*) 5 ±f£ I C if- y 
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fXui«J:^4Li:<<44. 
[B9iB4>fflJiL&8&91] 

[El i ] ^^^Tfeil-Ufflr'^M **^*S^:fi9»-^»fffi®-c*ao 
[E 2] #H9l03fcMfflT''*>f ^<^S0O— ^Jfi^Sr^Wt-^-rBflBBa-Cifeio 
[Hi 3] *^^3frl#ffiT^M *<^IJ<7) — *JS^S*«l3*fl9^-rBfiiiia-C*S a 
[If 4] $^^)Mlfflf/U^SitJ I C*-?7*£/B!fctf*«iiT*xe<*>- 
»4rflK«iK:*-tllfiiiBI-C2fe4. 

[H5] *HW^*Ji-lSffl7*^w^*«fifci-a I Cf y^ifflit^giltsi^- 
[0 6] ^^Ifi^^x^i^f^ ICf-y^3lffl&*S:«iii-4X^- 

»*StiCfl9fc*i-Bfiiiia-c*4o 

[19 8] *&9iO*MJfl7V*>r I C*?7££ffi2£#£Sj&-*-*X*lO- 

[EI 9] ^^<7>^:il#ffl7= r ^M ^^«fig-r^ I Cf"? ^iffl$«tgat4Ig?)- 
* fid K^f if BB El "Cfc * o 

[eii o] *$m<?>3t&mmT'U x*ffi&-r&&m7') y hEJMKfcMrtixeo— 
[ei i] *ni?)*ififfl7'/M 7"; ^ hEHi***jt-r*xe<o— 

[El 2] *!&SwMlffif^M^*MtS#l7''J > hE«MK*«*-r4Xec?— 

[ei 3] 3|:iiwo*a#ffl7 T ^-f^*flij*-r* i c^?75fc3£ffl£«*»2si-*x*i<*> 
[Ei 5] ^^jfeiffflf;M7^ttts i c^-y y*^Bg«*§Sji-rax*io 

[El 7] I C-^y^3lE«ffl««*«iti-4XSo 

[El 8] ^^^^ii-fffflx^M^^fil^t-* I C^7^*i6ffl3(f«*«a-*-*xe^ 
[El 9] *»^^*a«ffl7'^-f ^S:fllfi£i-4 I C^7^*H/B3£**«ift-J-*Xg<0 
[E2 0] *»Wo*aB€ffl'7 , ^-f^ I C^y T^gffl X*I<7> 

loo, 200, 300 &m -? } ) y Y 

1 0 1 , 2 0 1 , 3 0 1 

102, 202, 302 JVmWJIBfeM 

104, 204, 304 

107, 207, 307 

109, 209, 309 *;w-*-JV 
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